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In the present study, band-selective quantitative heteronuclear single quantum correlation 2 
spectroscopy (bs-qHSQC) was applied for the quality control of the two Aloe species present 3 
in the European Pharmacopeia. After development and validation of a complete spectral range 4 
(csr-) qHSQC assay, a specific pulse program with selective excitation was applied and the 5 
measuring time was reduced from 135 to 32 minutes, while maintaining the same resolution. 6 
This bs-qHSQC method (method I) showed slightly higher RSD values compared to the csr-7 
qHSQC method (maximum RSD of 2.80%), but better recovery rates in comparison to the assay 8 
of the Pharmacopeia (97.3% for Aloe vera and 96.6% for Aloe ferox). Apart from quantifying 9 
the total anthranoid content, the method moreover allows the quantitation of aloin among other 10 
aloin derivatives, such as 7-hydroxyaloin, as well as the differentiation of the two investigated 11 
species. Additionally, a second bs-qHSQC method (method II) for the fast (4 min) 12 
determination of the aloin A/B ratio was developed and compared to 13C qNMR measurements. 13 
Showing the same results in much less analysis time, the latter approach contributes to a general 14 
problem in natural product chemistry, the co-occurrence of structurally similar compounds and 15 
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1. Introduction 1 
 2 
In the last decades quantitative NMR spectroscopy (qNMR) became an important tool in 3 
natural product analysis, not only for the purity determination of isolated compounds but also 4 
for their quantitation in complex samples, such as plant extracts or dietary supplements [1,2]. 5 
Here, mainly one-dimensional proton NMR (1H NMR) methods were applied, allowing 6 
accurate and precise quantification within short measurement times [1,2]. Furthermore, 7 
quantitative 1H NMR spectroscopy is a primary analytical method showing direct 8 
proportionality between signal integral and the number of protons [3-5]. Thus, the concentration 9 
of the analyte can be obtained without the need of calibration curves [4]. However, in certain 10 
cases one-dimensional methods do not provide enough resolution, leading to signal overlap and 11 
thus inaccurate results. Another shortcoming of one-dimensional methods is their lack of 12 
specificity, which obviously can be eliminated by introducing a second dimension [2]. This 13 
increase of specificity is foremost achieved using heteronuclear techniques, such as HMQC 14 
(heteronuclear multiple quantum correlation spectroscopy) and HSQC (heteronuclear single 15 
quantum spectroscopy) experiments, of which the latter have been mostly used for quantitative 16 
purposes [6-10]. Being a proton-detected experiment, HSQC is less time-consuming and more 17 
sensitive than 13C NMR methods, but still far beyond the values of one-dimensional 1H NMR. 18 
However, as for qNMR in many cases only one or a few NMR signals are of interest, one way 19 
to reduce measurement times and thereby maintaining sensitivity is the use of band-selective 20 
2D NMR experiments [11]. Band-selective heteronuclear two-dimensional experiments allow 21 
restriction of the heteronuclear shift domain without causing spectral folding, at the same time 22 
leading to improved spectral resolution [11,12]. This benefit is mainly used for the structure 23 
elucidation of complex structures, e.g. peptides or oligosaccharides [13-15], but also for 24 
 
4 
studying chlorine isotope effects in 13C nuclei [16-18]. In the present study, band-selective 1 
HSQC is used for the qualitative and quantitative analysis of aloes. 2 
The concentrated and dried juice of the secretory cells from Aloe vera (syn. Aloe 3 
barbadensis) and Aloe ferox (syn. Aloe capensis) is used when an easy defaecation with a soft 4 
stool is desirable, e.g. with anal fissures, haemorrhoids, or constipation, and administered as 5 
powder or dry extract for liquid and solid oral formulations [19]. Both drugs show a high 6 
content on aloin, which is a mixture of two diastereomeric anthrone C-glycosides (aloin A and 7 
B, Fig. 1), and additional anthranoids either present in Aloe vera (7-hydroxyaloin) or Aloe ferox 8 
(5-hydroxyaloin and aloinosides) [19]. In the monograph of the European Pharmacopeia, 9 
anthranoids are extracted and subsequently converted into their aglycone forms by oxidative 10 
(FeCl3) cleavage of the C-glucosidic moeity, before being measured by a spectrophotometric 11 
assay (after liquid-liquid extraction) [20]. Additionally, an UPLC-MS² assay has been reported 12 
for the determination of aloin A and aloe-emodin in Aloe vera [21]. Apart from its laxative 13 
effect, aloin has also been the target of various other pharmacological studies, with already six 14 
publications investigating its biological activity this year.  15 
Regarding the stereochemistry of aloin A and B, three studies were conducted in the 1980s, 16 
where nearly identical proton NMR spectra were reported (with the only different shift value at 17 
the 2’-OH), which is why the configurations were established using X-ray crystallography [22-18 
24]. However, in a later study the absolute configurations were proven by two-dimensional 19 
NMR experiments and by means of circular dichroism [25]. A chemosystematic study on their 20 
occurrence in 36 aloe species found both diastereomers to be present in all of the investigated 21 
species, with a constant imbalance (less aloin B) but changing ratios between the two 22 
compounds [26]. Because the authors were only interested in the occurrence of aloin A and B 23 
(and eleven other compounds) for taxonomic/chemophenetic reasons, they did neither quantify 24 
the contents nor determine the fixed ratio of these two compounds. 25 
 
5 
In this study both, the ratio between aloin A and B as well as the content of aloin and total 1 
aloe anthranoids in Aloe vera and Aloe ferox samples will be determined. The band-selective 2 
HSQC approach is thereby evaluated in terms of repeatability and accuracy and compared to a 3 
validated complete spectral range qHSQC method and furthermore to the official method of the 4 
European Pharmacopeia.   5 
 6 
2. Materials and methods 7 
 8 
2.1. Chemical Reagents and Material  9 
 10 
Powdered plant material of Aloe vera (Lot 33669) and Aloe ferox (Lot 26167) was obtained 11 
from Alfred Galke GmbH (Bad Grund, Germany). Deuterated DMSO (dimethylsulfoxide-d6, 12 
99.80% D, Lot Q2981, Batch 0817B) for NMR spectroscopy was purchased from Eurisotop 13 
GmbH, Saarbrücken, Germany, and conventional 5 mm sample tubes were obtained from 14 
Rototec-Spintec GmbH, Griesheim, Germany. Duroquinone TraceCERT for quantitative NMR 15 
(2,3,5,6-tetramethyl-1,4-benzoquinone, 99.71%, Lot BCBR5528V) was obtained from Sigma 16 
Aldrich Co. (St. Louis, MO, USA). Analytical grade methanol, ethyl acetate and chloroform 17 
were purchased from VWR International GmbH, Darmstadt, Germany. Water was doubly 18 
distilled in-house. 19 
 20 
2.2. General experimental procedures 21 
 22 
Photometric measurements were accomplished using a Shimadzu UV Mini 1240 23 
spectrophotometer and were performed at 512 nm.  24 
 
6 
NMR spectra were recorded using a Bruker Avance III 400 NMR spectrometer operating 1 
at 400 MHz for the proton channel and 100 MHz for the 13C channel using a 5 mm PABBO 2 
broad band probe with a z gradient unit. Measurements were performed at 293 K and the 3 
temperature was calibrated with a methanol-d4 solution. For each sample automatic tuning and 4 
matching of the probe was performed as well as automatic shimming of the on-axis shims (Z 5 
to Z5). The automatic receiver gain adjustment mode was employed, resulting always in the 6 
same maximum value for the gain. The Bruker Topspin software 3.6.0 was used and the pulse 7 
program hsqcedetgpsisp2.3 with multiplicity editing and adiabatic shaped 180° pulses of the 8 
manufacturer’s pulse program library was employed. 13C decoupling was performed using a 9 
GARP broadband decoupling sequence. When recording complete spectral range qHSQC 10 
spectra, for the proton (F2) channel 1024 data points were set, with a spectral width of 13.0 11 
ppm corresponding to an acquisition time of 0.12 s; for the 13C (F1) channel 256 increments 12 
with a spectral width of 165 ppm were selected. Using non-uniform sampling only 75 % of the 13 
randomly chosen increments were measured. 2 scans were collected per increment with an 14 
optimized inter-scan delay of 20 s. Total measurement time for each csr-qHSQC spectrum 15 
accounted to 2 h 15 min.  16 
Band-selective HSQC measurements for the quantification of aloin and total anthranoids 17 
(bs-qHSQC method I) were performed using the shsqsctgpsi2.2 pulse program of the 18 
manufacturer’s pulse program library with a band-selective shaped 13C refocusing pulse. The 19 
shape form Q3.1000 was chosen and in order to achieve selective excitation over a frequency 20 
range of 3020 Hz (30 ppm) the length of the pulse was determined to 1379.2 µs with a power 21 
of 0.617 W for the used probe head. Sweep width was set to 13 ppm for 1H and 30 ppm for 13C 22 
(53.5 ppm ± 15 ppm). For the 1H channel 1024 data points were collected, for the 13C channel 23 
52 data points were set, which were reduced to 40 by employing uniform sampling with 75 % 24 
 
7 
of the increments actually recorded. The total acquisition time for this bs-HSQC experiment 1 
with two scans per increment and an inter-scan delay of 20 s amounted to 32 minutes.    2 
The aloin A/B ratio in the extracts was determined using the following parameters: A band-3 
selective HSQC experiment (bs-qHSQC method II) with a frequency range of 13 ppm for 1H 4 
(1024 data points) and 200 Hz (2 ppm) for 13C was used, which required in this case a 17240 5 
µs shaped pulse with the above mentioned shape form  for refocusing with a power of 0.004 W 6 
with the employed probe head, 1024 × 128 increments were set, only 50 % of the increments 7 
were collected by non-uniform sampling with 2 scans per increment and an inter-scan delay of 8 
1.5 s. After processing of the raw data to a 2D matrix with 1024 × 1024 data points, automatic 9 
baseline correction in both dimensions and automatic phase correction in the 1H frequency 10 
dimension, careful manual phase evaluation and correction in both dimensions was necessary 11 
and a 1D projection of the columns for the proton shift range of 4.56-4.62 ppm (9 increments) 12 
was calculated. This 1D spectrum was finally integrated to deliver the aloin A/B ratio and the 13 
total aloin content for the stability investigations. A total measuring time of about 4 min and 14 14 
s was achieved. For the determination of the coupling constants an HSQC pulse program 15 
without decoupling was used. Conventional 13C measurements with broadband 1H decoupling 16 
with collection of 65536 data points 2048 scans, an interscan-delay of 3 s, and a frequency 17 
width of 240 ppm were recorded and zero filled to 262144 data points. The measuring time was 18 
about 2 h. The corresponding 135 DEPT 13C spectrum was recorded with 65536 data points, 19 
zero filled to 131072 points, 512 scans, 240 ppm frequency width and a total measuring time 20 
of 29 min. 21 
  22 




10.0 g of Aloe ferox were suspended in water and heated for 10 min over a water bath. After 1 
cooling, the mixture was filtered through a Büchner funnel and extracted five times with 200 2 
mL of ethyl acetate. Organic phases were combined, rewashed with water and the solvent was 3 
evaporated. This procedure was repeated another four times before the combined residues were 4 
dissolved in a mixture of chloroform and methanol (6:1) under heating, and the solution was 5 
kept at -20°C over the weekend. The mixture was subsequently filtered through a Büchner 6 
funnel, yielding 335 mg of aloin crystals. Purity of the crystals was assessed with NMR using 7 
duroquinone as internal standard and resulted to be 93.20 %. An HSQC diagram of aloin is 8 
given in the supporting information (Fig. S1). 9 
 10 
2.4. Spectroscopic analysis 11 
 12 
Powdered plant material of Aloe vera (100 mg) and Aloe ferox (150 mg) were extracted 13 
according to the European Pharmacopoeia. Therefore, the drug was put in a 100 mL Erlenmeyer 14 
flask before adding 1000 µL of methanol and 1000 µL of warm (60°C) dd water. The mixture 15 
was shaken and further 25 mL of warm water were added. After 30 minutes of shaking at 16 
constant temperature, the mixture was cooled and filtered into a 100 mL round bottom flask. 17 
Erlenmeyer flask and filter were washed with water and the solvent was then evaporated to a 18 
volume of about 10 mL before transferring the solution into a 20 mL scintillation vial. After 19 
solvent evaporation in the vacuum centrifuge, the dry extract was dissolved in 1000 µL of 20 
DMSO-d6; 500 µL of this solution were transferred to an NMR tube, and both, 
1H NMR as well 21 
as HSQC spectra were recorded.  22 
To quantify the anthraquinones by quantitative HSQC, calibration curves for the methylene 23 
group (3-CH2OH, total anthraquinone content) and the glycoside (H-10, aloin content) signals 24 
were established using external calibration with solutions of 6.525, 13.05, 19.58, 26.10, 39.15 25 
 
9 
and 52.2 mg/mL of aloin in DMSO-d6 (Table 1). Data processing was performed using the 1 
Topspin software. The raw data matrix was zero-filled to 2048 data points in both dimensions. 2 
2D HSQC data was processed with the algorithm for non-uniform sampling and evaluated using 3 
the manufacturer’s software topspin 3.5.7. Thus, the automatic peak detection routine (“peak 4 
picking”) in the 2D mode was employed in the spectral region of interest, with the following 5 
parameters: mi 0.03; maxi 1; ppdiag 1; ppresol 5; ppmpnum 50; ppiptyp parabolic; psign both. 6 
All thereby detected peaks were integrated using the automatic peak integration of the topspin 7 
software and setting the threshold to 0.05. 8 
 9 
2.5. Method validation 10 
 11 
The method was validated for linearity, repeatability, precision, accuracy, and limit of 12 
quantification. Evaluation of linearity was achieved by establishing calibration curves over a 13 
range of at least 80 to 120% of the measured concentrations. Here, 6-point calibration curves 14 
were created and expressed as linear functions.  Limit of quantification was determined by serial 15 
dilution of standard solution and accuracy of the qHSQC method was assessed by comparison 16 
of the obtained values with the photometric method of the European Pharmacopeia. Precision 17 
measurements included intra- and inter-day precision as well as repeatability and were 18 
accomplished in the following way. For intra-day precision six samples were prepared and each 19 
sample measured once. Inter-day precision was assessed by preparation of another six samples 20 
in one of the following days. For repeatability, one sample was prepared and measured six-fold. 21 
Validation of the band selective qHSQC (method I) was accomplished by measuring Aloe vera 22 
and Aloe ferox samples six-fold and comparison of both, mean concentrations and relative 23 





3. Results and discussion 2 
 3 
3.1.  Method development 4 
 5 
The aim of the present study was the direct quantification of aloin and the total content of 6 
aloe anthranoids in crude extracts of Aloe vera and Aloe ferox by quantitative NMR; thus, 7 
providing an alternative and more comprehensive method for the quality control of these two 8 
medicinal plants. The assay of the Pharmacopeia does not separate aglycones from glycosides 9 
before cleavage of the sugar moiety, as it does for other anthranoid drugs such as Sennae folium 10 
or Frangulae cortex. Thus, quantification of glycosides gives additional information on possible 11 
degradation processes.  This is of even more importance, as the low stability of aloin has been 12 
described before [27]. 13 
Regarding the structures of aloin A and B (Fig. 1), the only characteristic signal for one-14 
dimensional proton NMR (H-10, 4.56 ppm) was overlapped by the signal of the methylene 15 
group linked to position 3 of the anthranoid scaffold (3-CH2OH, 4.58 ppm). Other signals were 16 
either not specific enough (glucose signals) or could not be unambiguously quantified (due to 17 
similar co-occurring compounds in the extract). Thus, extracts were measured with HSQC and 18 
the CH-10 cross correlation of both aloins was chosen for quantification. With a 13C shift of 44 19 
ppm (44.2 ppm for aloin A and 43.9 ppm for aloin B), the cross peak was well separated from 20 
the cross peak of the 3-CH2OH methylene group, which shows a carbon shift of 62.4/62.5 ppm, 21 
as well as from all other signals in the extracts (Fig. 2 and 3). The latter cross peak was 22 
additionally elected in order to quantify the total amount of aloe anthranoids. Aloe anthranoids 23 
consist of an aloe-emodin scaffold, which is characterized by a methylene group in position 3. 24 
In contrast, frangula-emodin and chrysophanol show a methyl group in this position and rhein 25 
 
11 
a carboxylic acid. Aloe ferox was also reported to contain small amounts of chrysophanol [19]. 1 
However, in the sample used in this study, chrysophanol was neither detected by HSQC nor by 2 
1D HNMR measurements.   3 
Determination of the coupling constants using an HSQC pulse program without decoupling 4 
revealed 1J(CH) coupling constants of 132 Hz for the methine group (CH-10) and 139 Hz for 5 
the methylene group (3-CH2OH). Due to the strong intensities of both signals in the aloe 6 
extracts, adaption of delay times was not considered necessary and the method was validated 7 
with a standard parameter set optimized for 145 Hz. Using cross peaks obtained from isolated 8 
aloin for calibration (Fig. S1), the method was evaluated for linearity and limit of quantitation, 9 
precision and repeatability, specificity and selectivity, as well as accuracy with regard to the 10 
method of the European Pharmacopeia.  11 
 12 
3.2.  Method validation 13 
 14 
3.2.1.  Linearity and quantitation limit 15 
 16 
For validation of linearity, calibration curves for the signals of the CH-10 cross peak and 17 
the cross peak of the 3-CH2OH methylene group of aloin were established over a calibration 18 
range of 6.525 to 52.2 mg/mL. In Table 1 regression equations and coefficients of determination 19 
for both signals are shown, as well as the limits of quantification of the aloin content and the 20 
total amount of anthranoids, which is thus additionally expressed in mmol/L. Due to the wide 21 
calibration range of the method, amounts of 50 to 200 mg of Aloe vera and 75 to 300 mg of 22 
Aloe ferox could be quantified with this method. However, application of 100 mg of Aloe vera 23 





3.2.2.  Precision and repeatability 2 
 3 
Repeatability for both, the amount of aloin as well as the total content of anthranoids was 4 
assessed for each of the two plant species, showing relative standard deviations of 2.06% and 5 
1.18% for Aloe vera and 0.71% and 0.66% for Aloe ferox, respectively (Table 2). Thereby, the 6 
amount of aloin is expressed in % weight (which is also the unit of the European Pharmacopeia) 7 
and the total amount anthranoids is given in mmol/g, a unit that has been suggested for the 8 
quantification of (pharmacologically active) compound classes in one of our previous studies 9 
[28]. Regarding the RSD values observed for the two plant species, the method showed a much 10 
better repeatability for Aloe ferox than for Aloe vera, which is why subsequent precision studies 11 
were conducted with the latter species. One possible explanation for the differing RSD values 12 
is the higher amounts of plant material applied for the analysis of Aloe ferox and the thus higher 13 
concentrations of aloin in the sample.  14 
Precision measurements of Aloe vera samples on two different days revealed intra-day RSD 15 
values of 2.98% and 1.58% for the aloin content and 1.62% and 2.33% for the total anthranoid 16 
content, respectively (Table 3). In contrast, inter-day RSD values were significantly higher, 17 
with 6.77% for the aloin content and 4.36% for the total anthranoid content. However, with 18 
intra-day RSD values of less than 3% and inter-day values of less than 7%, the precision is 19 
comparable to other methods applied in natural product analysis and still far below the values 20 
obtained with the method of the Pharmacopeia, which were found to be 15.8% (Aloe vera) and 21 
13.0% (Aloe ferox), respectively (inter-day, N = 10). 22 
 23 




Regarding the specificity of the method, the heteronuclear 2D NMR assay offers a great 1 
advantage compared to 1D approaches, by using the characteristic cross correlation of the C-2 
glucosidic bond of the anthrone ring or the hydroxymethylene group attached to the aromatic 3 
ring, respectively. In terms of selectivity, further anthranoids have been reported to be present 4 
in the investigated species [19]. One such compound is 7-hydroxyaloin [29,30], which is a 5 
marker compound for Aloe vera (and not present in Aloe ferox) and shows a cross peak in 6 
position 4.51 ppm/43.8 ppm, that is detectable (and quantifiable) in the samples (Fig. 2). 5-7 
hydroxyaloin and aloinosides A and B are both characteristic for Aloe ferox. Aloinosides, which 8 
are known to be only present in one of two chemotypes [26] show a higher 13C shift of the 9 
methylene group due to the attached rhamnose moiety and could therefore be clearly 10 
distinguished form aloins A and B [31]. However, they were not present in the plant material 11 
used for this study. 5-Hydroxyaloin, instead, is considered a marker compound for Aloe ferox. 12 
Because NMR data for this compound were only retrieved in acetone-d6 [32], no clear 13 
identification of the relevant cross peak is possible. However, the lower shift of the 13C values 14 
and the higher shift of the 1H values of the methylene group, as well as the fact that the signal 15 
of 7-hydroxyaloin was distinguishable, let assume no co-quantification of the compound. Thus, 16 
the developed method delivers both, specific determination of aloe anthranoids by 17 
quantification of the methylene signal as well as selective quantification of aloin among other 18 
anthranoids by integration of the CH-10 cross peak. Additionally, Aloe vera can be 19 
distinguished from Aloe ferox by the presence of the CH-10 cross peak of 7-hydroxyaloin. 20 
 21 
3.2.4.  Accuracy  22 
 23 
For the determination of accuracy both samples were measured ten times with the official 24 
method of the European Pharmacopeia, which uses spectrophotometric measurements of the 25 
 
14 
anthraquinone forms after oxidative cleavage of the sugar moieties. Thereby, a minimum of 1 
28% hydroxyanthracene derivatives (calculated as aloin) is required for Aloe vera samples and 2 
a minimum of 18% for samples of Aloe ferox. Quantification of the samples investigated in the 3 
present study with the method of the Pharmacopeia revealed contents of 37.33 ± 5.90% for Aloe 4 
vera and 25.11 ± 3.26% for Aloe ferox (Table 4). Thus, both samples fulfilled the requirements 5 
of the Pharmacopeia. Regarding the results obtained with the quantitative HSQC approach, 6 
lesser values were obtained for both plant species. In the case of Aloe vera, the content of aloin 7 
was determined with 27.04%, whereas the total anthranoid content was calculated with 34.40% 8 
and thus was much closer to the content of the Pharmacopeia (92.2% recovery rate). As 9 
mentioned above, Aloe vera also contains 7-hydroxyaloin as additional anthranoid, which was 10 
subsequently quantified using the calibration curve of aloin. The value of 7-hydroxyaloin was 11 
determined with 4.74 ± 0.12%, and, after the amount of aloin, is the main contribution to the 12 
total anthranoid content. For Aloe ferox, the differences between the amount of aloin and the 13 
total anthranoid content were less significant (21.57% versus 22.48%), indicating that 14 
additional anthranoids are less abundant in this species, or at least in this chemotype.  15 
 16 
3.3. Band-selective qHSQC (bs-qHSQC) 17 
 18 
3.3.1. bs-qHSQC method I 19 
 20 
In order to overcome the long acquisition time of the complete spectral range HSQC, a 21 
specific pulse program (shsqsctgpsi2.2) was applied, reducing the spectral width of the 13C 22 
channel from 165 to 30 ppm and the measuring time from 135 to 32 minutes (Fig. 4 and Fig. 23 
S2-S4). Thus, the experiment was in the time range of conventional HPLC methods. However, 24 
by recording 52 increments for the measured spectral width, the resolution was kept at the same 25 
 
15 
level as the validated csr-qHSQC approach, still obtaining one cross peak signal for the aloin 1 
A and B mixture. The band-selective qHSQC method was subsequently evaluated in terms of 2 
repeatability (Table 2) and accuracy (Table 4), with regard to the csr-qHSQC method and the 3 
assay of the European Pharmacopeia. Repeatability measurements using bs-qHSQC, revealed 4 
RSD values of 2.80% and 1.65% (aloin and total anthranoids) for Aloe vera, as well as 1.86% 5 
and 1.34% for Aloe ferox, respectively, and thus were somewhat higher than with the csr-6 
qHSQC approach. However, in terms of accuracy, the bs-qHSQC method revealed higher 7 
recovery rates for the total anthranoid content (97.3% for Aloe vera and 96.6% for Aloe ferox) 8 
than the csr-qHSQC approach when compared to the method of the Pharmacopeia.  9 
 10 
3.3.2. bs-qHSQC method II 11 
 12 
After the method was successfully tested for its use in the quantification of aloin and the 13 
total anthranoid content, band-selective HSQC was additionally evaluated for the separation of 14 
the CH-10 cross peaks of aloin A and B and the determination of their ratio in the respective 15 
extracts. It was shown that much stronger improvements of the resolution are possible for the 16 
samples under discussion by choosing e.g. 400 increments for the 13C spectral range and 17 
collecting only 10% of those by non-uniform sampling, thereby using the same acquisition time 18 
and allowing the separation and independent quantification of aloin A and aloin B in the aloin 19 
standard, but not in the extracts. Therefore, the spectral width of the 13C channel was further 20 
reduced to 2 ppm and the number of increments was set to 128, only collecting half of the 21 
increments via non-uniform sampling. Additionally, delay times were optimized for the 22 
coupling constant of the CH-10 methine group (132 Hz). The inter-scan delay was set to 1.5 s, 23 
because similar relaxation rates were assumed for the methine unit in the diastereoisomeric 24 
aloins. No significant differences in the determined aloin A/B ratio were observed when running 25 
 
16 
this experiment with a delay of 20 s (data not shown). Thus, cross peaks of both diastereomers 1 
were separated in 4 minutes measuring time (Fig. 5a and b). For quantification, 1D projections 2 
of the proton range were created and the respective signals were integrated (Fig. 5c), giving an 3 
aloin A/B ratio of 1 to 0.80 for the isolated compound. This ratio was also observed when 4 
13C{1H} NMR, 135 DEPT 13C NMR and 2D sHSQC methods were applied (Fig. S5-S7). Thus, 5 
the bs-qHSQC method II was used to investigate the aloin A/B ratio in the two plant species. 6 
However, the extract of Aloe vera and that of Aloe ferox showed the same ratio for the two 7 
diastereomers.  8 
 9 
3.3.3. Stability of aloin 10 
 11 
After samples of aloe extracts were found to lack the CH-10 cross peak after storage of one 12 
month, extracts of both species as well as the standard compound were evaluated for their 13 
stability in solution. Additionally, the aloin A/B ratio was investigated, in order to find different 14 
degradation dynamics between the two diastereomers. Thereby, the content of aloin and the 15 
ratio of the two diastereomers was obtained using the bs-qHSQC method II and subsequent 16 
integration of the 1D projections. Whereas the aloin content in the extracts was reduced to 17 
approximately 50% within 10-20 days (Fig. S8), the aloin standard compound did only show a 18 
degradation of a few percent during that time. Regarding the two diastereomers, both aloin A 19 
as well as aloin B decomposed to the same extent. However, considering the use of aloe in 20 
liquid preparations, e.g. Swedish bitters, the stability of aloin and its derivatives is at least 21 
questionable, even more so as such preparations contain other herbs that might contribute to the 22 
degradation of these rather labile components.  23 
 24 




In this study, a band-selective quantitative HSQC method for the quality control of Aloe 2 
vera and Aloe ferox was established. The method allows the determination of the total 3 
anthranoid content, and thus the value required in the European Pharmacopeia, as well as the 4 
selective quantification of aloin (and 7-hydroxyaloin) among other anthranoids. Moreover, the 5 
presence of the 7-hydroxyaloin signal allows the differentiation of the two species. Validation 6 
according to ICH guidelines revealed acceptable values in terms of precision and accuracy, 7 
which are comparable to standard methods. The use of specific pulse programs furthermore 8 
allows quantification in time ranges, which are comparable to e.g. HPLC methods. As a second 9 
outcome of this study, a fast band-selective HSQC method for the separation of proton-bearing 10 
carbons with close shift values was established and used to determine the ratio of aloin A and 11 
B. The co-occurrence of diastereomers or other chemically similar and thus not easily separated 12 
compounds is a general phenomenon in phytochemistry. Therefore, fast analysis of their ratios 13 
might facilitate their investigation.  14 
 15 
Supporting information 16 
The supporting information contains complete spectral range and band-selective (bs-) HSQC 17 
diagrams of aloin, bs-HSQC diagrams of Aloe vera and Aloe ferox, 13C {1H} NMR and 13C 18 
(135 DEPT) NMR spectra and an HSQC diagram for the determination of the aloin A/B ratios 19 
as well as graphs for the degradation of aloin in aloe extracts.  20 
 21 
Conflict of interest 22 





[1] C. Simmler, J.G. Napolitano, J.B. McAlpine, S.N. Chen, G.F. Pauli, Universal quantitative 1 
NMR analysis of complex natural samples, Curr. Opin. Biotechnol. 25 (2014) 51–59.  2 
[2] G.F. Pauli, T. Gödecke, B.U. Jaki, D.C. Lankin, Quantitative 1H NMR. Development and 3 
potential of an analytical method: an update, J. Nat. Prod. 75 (2012) 834–851. 4 
[3] U. Holzgrabe, Quantitative NMR spectroscopy in pharmaceutical applications, Prog. NMR 5 
Spectroscopy 57 (2010) 229–240. 6 
[4] T. Gödecke, J.G. Napolitano, M.F. Rodriguez-Brasco, S.-N. Chen, B.U. Jaki, D.C. Lankin, 7 
G.F. Pauli, Validation of a Generic Quantitative 1H NMR Method for Natural Products 8 
Analysis, Phytochem. Anal. 24 (2013) 581–597. 9 
[5] S.K. Baharti, R. Roy, Quantitative 1H NMR spectroscopy, Trends Anal. Chem. 35 (2012) 10 
5–26. 11 
[6] I.A. Lewis, S.C. Schommer, B. Hodis, K.A. Robb, M. Tonelli, W.M. Westler M.R. 12 
Sussman, J.L. Markley, Method for determining molar concentrations of metabolites in 13 
complex solutions from two-dimensional 1H – 13C NMR spectra, Anal. Chem. 79 (2007) 9385–14 
9390. 15 
[7] F. Fardus-Reid, J. Warren, A. Le Greysley, Validating heteronuclear 2D quantitative NMR, 16 
Anal. Methods 8 (2016) 2013–2019. 17 
[8] L. Zhang, G. Gellerstedt, Quantitative 2D HSQC NMR determination of polymer structures 18 
by selecting suitable internal standard references, Magn. Res. Chem. 45 (2007) 37–45. 19 
[9] R.K. Rai, N. Sinha, Fast and accurate metabolic profiling of body fluids by nonlinear 20 
sampling of 1H – 13C two-dimensional nuclear magnetic resonance spectroscopy, Anal. Chem. 21 
84 (2012) 10005–10011. 22 
[10] S.S. Cicek, A.L. Pfeifer Barbosa, U. Girreser, Quantification of diterpene acids in Copaiba 23 
oleoresin by UHPLC-ELSD and heteronuclear two-dimensional qNMR. J. Pharm. Biomed. 24 
Anal. 160 (2018) 126–134. 25 
 
19 
[11] C. Gaillet, C. Lequart, P. Debeire, J.M. Nuzillard, Band-Selective HSQC and HMBC 1 
experiments using excitation sculpting and PFGSE, J. Magn. Reson. 139 (1999) 454–459.  2 
[12] E. Caytan, R. Ligny, J.F. Carpentier, S.M. Guillaume, Evaluation of band-selective HSQC 3 
and HMBC: Methodological validation on the cyclosporin cyclic peptide and application for 4 
poly(3-hydroxyalkanoate)s stereoregularity determination, Polymers 10 (2018) 533. 5 
[13] D.G. Davis, Proton detection of long-range couplings to carbon-13 using semiselective 6 
pulses. A high-resolution method for assigning amino acids in peptides. J. Magn. Reson. 83 7 
(1989) 212–218. 8 
[14] J.J. Led, F. Abildgaard, H. Gesmar, Phase correction of soft-pulse heteronuclear multiple-9 
bond correlation spectra using backward linear prediction. J. Magn. Reson. 93 (1991) 659–665.  10 
[15] T.D.W. Claridge, I. Pérez-Victoria, Enhanced 13C resolution in semi-selective HMBC: A 11 
band-selective, constant-time HMBC for complex organic structure elucidation by NMR. Org. 12 
Biomol. Chem. 1 (2003) 3632–3634.  13 
[16] J. Saurí, M. Reibarkh, T. Zhang, R.D. Cohen, X. Wang, T.F. Molinski, G.E. Martin, R.T. 14 
Williamson, Band-Selective 2D HSQMBC: A Universal Technique for Detection and 15 
Measurement of 35,37Cl Isotope Effects for 13C Nuclei. Org. Lett. 18 (2016) 4786–4789. 16 
[17] X. Wang, B.M. Duggan, T.F. Molinski, Mollenynes B–E from the Marine Sponge 17 
Spirastrella mollis. Band-selective heteronuclear single quantum coherence for discrimination 18 
of bromo–chloro regioisomerism in natural products. J. Am. Chem. Soc. 137 (2015) 12343–19 
12351. 20 
[18] X. Wang, D.M. Duggan, T.F. Molinski, Ultra-high resolution band-selective HSQC for 21 
nanomole-scale identification of chlorine-substituted 13C in natural products drug discovery. 22 
Magn. Reson. Chem. 55 (2017) 263–268.  23 
[19] N.G. Bisset, M. Wichtl, Herbal Drugs and Pharmaceuticals, second ed., medpharm GmbH 24 
Scientific Publishers, Stuttgart, 2001. 25 
 
20 
[20] European Pharmacopoeia, ninth ed., European Directorate for the Quality of Medicines & 1 
Health Care (EDQM), Strasbourg, 2017. 2 
[21] P.G. Wang, W. Zhou, W.G. Wamer, A.J. Krynitsky, J.I. Rader, Simultaneous 3 
determination of aloin A and aloe emodin in products containing Aloe vera by ultra-4 
performance liquid chromatography with tandem mass spectrometry, Anal. Methods 4 (2012) 5 
3612–3619. 6 
[22] H.W. Rauwald, Neue 1H-NMR Analyse der diastereomeren Aloine, Arch. Pharm. 317 7 
(1984) 362–367. 8 
[23] H. Auterhoff, E. Graf, G. Eurisch, M. Alexa, Trennung des Aloins in Diastereomere und 9 
deren Charakterisierung, Arch. Pharm. 313 (1980) 113–120. 10 
[24] H.W. Rauwald, K. Lohse, J.W. Bats, Establishment of Configurations for the Two 11 
Diastereomeric C-Glucosylanthrones Aloin A and Aloin B, Angew. Chem. Int. Ed. Engl. 28 12 
(1989) 1528–1529. 13 
[25] P. Manitto, D. Monti, G. Speranza, Studies on Aloe. Part 6.' Conformation and Absolute 14 
Configuration of Aloins A and B and Related 10-C-Glucosyl-9-anthrones, J. Chem. Soc., 15 
Perkin Trans. 1 (1990) 1297–1300. 16 
[26] A.M. Viljoen, B.E. van Wyk, L.E. Newton, The occurrence and taxonomic distribution of 17 
the anthrones aloin, aloinoside and microdontin in Aloe, Biochem. Syst. Ecol. 29 (2001) 53–18 
67. 19 
[27] W.J. Ding, X.F. Wu, J.S. Zhong, J.Z. Wan, Effects of temperature, pH and light on the 20 
stability of aloin A and characterisation of its major degradation products, Int. J. Food Sci. 21 
Technol. 49 (2014) 1773–1779. 22 
[28] S.S. Cicek, U. Girreser, C. Zidorn, Quantification of the total amount of black cohosh 23 
cycloartanoids by integration of one specific 1H NMR signal. J. Pharm. Biomed. Anal. 155 24 
(2018) 109–115. 25 
 
21 
[29] H.W. Rauwald, R. Voetig, 7-Hydroxy-Aloin: die Leitsubstanz aus Aloe barbadensis in der 1 
Ph. Eur. III, Arch. Pharm. 315 (1982) 477–478.  2 
[30] T. Teka, D. Bisrat, M.Y. Yeshak, K. Asres, Antimalarial activity of the chemical 3 
constituents of the leaf latex of Aloe pulcherrima Gilbert and Sebsebe, Molecules 21 (2016) 4 
1415. 5 
[31] J. Gao, G. Zhang, R. Dai, K. Bi, Isolation of aloinoside B and metabolism by rat intestinal 6 
bacteria, Pharm. Biol. 8 (2004) 581–587. 7 
[32] E. Dagne, D. Bisrat, B.E. van Wyk, A. Viljoen, V. Hellwig, W. Steglich, Anthrones from 8 
Aloe microstigma, Phytochemistry 44 (1997) 1271–1274. 9 






Fig. 1: Chemical structures of aloin A (left) and B (right).  4 
 5 
 6 
Fig. 2: Complete spectral range HSQC diagram of Aloe vera extract in DMSO-d6 (100 mg drug 7 




Fig. 3: Complete spectral range HSQC diagram of Aloe ferox extract in DMSO-d6 (150 mg drug 2 
per mL, positive contour lines are shown in blue colour, negative contour lines in red colour). 3 
 4 
 5 
Fig. 4: Band-selective HSQC diagrams (method I) of Aloe vera (100 mg drug per mL, left) 6 
and Aloe ferox (150 mg drug per mL, right) extracts in DMSO-d6 (positive contour lines are 7 




Fig. 5: Determination of the aloin A/B ratio in the Aloe vera extract using the band-selective 2 
qHSQC method II (a and b) and the calculated 1D projection (c).   3 
 
25 
Table 1 1 
Regression equations for the calibrated cross correlations of aloin, coefficients of determination 2 
(R2) and limits of quantification (LoQ). Determined compounds are shown in parenthesis. 3 
Cross-correlation signal Regression equation R2 LoQ 
H-10 (content of aloin A and B) y =   1.183.115 x – 5.487.028 0.9986 1.63 mg/mL 
3-CH2OH (total anthranoids) y = –2.058.685 x + 5.603.050 0.9988 0.815 mg/mL 
1.95 mmol/L* 
*for quantification of total anthranoids molar concentrations were used 4 
 5 
  6 
 
26 
Table 2 1 
Repeatability for Aloe vera and Aloe ferox samples using complete spectral range (csr-) and 2 
band-selective qHSQC. Results are given in % weight for the content of aloin and in mmol/g 3 
for the total anthraquinone content (AQs). 4 
 5 
 csr-qHSQC band-selective qHSQC 
          Aloe vera          Aloe ferox          Aloe vera          Aloe ferox 
N   aloin AQs aloin AQs aloin AQs aloin AQs 
1 27.56 0.8310 21.66 0.5419 30.34 0.8733 24.87 0.5711 
2 27.80 0.8344 21.72 0.5411 30.70 0.8706 24.70 0.5793 
3 26.93 0.8254 21.71 0.5359 29.95 0.8697 24.70 0.5776 
4 27.03 0.8141 21.53 0.5350 30.59 0.8844 23.85 0.5737 
5 26.60 0.8177 21.38 0.5329 28.43 0.8730 24.56 0.5924 
6 26.34 0.8100 21.4 0.5365 30.42 0.8415 23.84 0.5848 
mean 27.04 0.8221 21.57 0.5372 30.07 0.8687 24.42 0.5798 
SD 0.56 0.0097 0.15 0.0035 0.84 0.0144 0.45 0.0078 
RSD 2.06% 1.18% 0.71% 0.66% 2.80% 1.65% 1.86% 1.34% 
  6 
 
27 
Table 3 1 
Intra- and inter-day precision for Aloe vera samples using csr-qHSQC. Results are given in % 2 
weight for the content of aloin and in mmol/g for the total anthraquinone content (AQs). 3 
 4 
 Intra-day (day 1) Intra-day (day 2)         Inter-day (N=12) 
N   aloin AQs aloin AQs   
1 33.49 0.9214 29.78 0.8467   
2 33.45 0.9364 29.71 0.8430   
3 32.62 0.9271 29.03 0.8432   
4 34.13 0.9253 28.91 0.8798   
5 31.62 0.9059 29.18 0.8604   
6 34.24 0.9507 30.05 0.8894   
mean 33.26 0.9278 29.444 0.8604 31.35 0.8941 
SD 0.99 0.0150 0.465 0.0200 2.12 0.0390 
RSD 2.98% 1.62% 1.58% 2.33% 6.77% 4.36% 
  5 
 
28 
Table 4 1 
Determination of accuracy. Content of aloin and total anthraquinone content obtained from 2 
complete spectral range (csr-) and band-selective (bs-) qHSQC were compared to the content 3 
determined with the method of the European Pharmacopoeia. 4 
  qHSQC Ph.Eur. recovery rate 
Aloe vera (csr) 
 





27.04 ± 0.56% 
34.40 ± 0.41% 
30.07 ± 0.84% 
36.34 ± 0.60% 





Aloe ferox (csr) 
 





21.57 ± 0.15% 
22.48 ± 0.15% 
24.42 ± 0.45% 
24.26 ± 0.33% 





* calculated as aloin 5 
